esp@cenet document view 



Page 1 of 1 



Vapour phase purification of liquids 



Patent number: 
Publication date: 

Inventor: 
Applicant: 
Classification: 

- international: 

- european: 



Application number: 
Priority nuniber($): 



GB1030214 
1966-05-18 

EASTMAN KODAK CO 



B01D3/34B; C07D303/40; C08G63/20; C08G63/85; 
C08G63/90; C08K5/10; C08K5/101; C08K5/103: 
C10M3/00 

GB1 9650048460 19621115 

US196101 53220 19611117; US19610161358 19611222; 
US19620188305 19620418; US19610152609 19611115 



Also published as: 

US3211561 (Al) 
GB1030215(A) 
GB1030213(A) 
DEI 469984 (Al) 



Abstractor GB1030214 

Esters or linear polyesters of molecular weight at least 400 and below 5000, are purified by passing a 
stream downwardly through a fractionating column with a gas-liquid contacting means and an inert gas 
stream upwardly at a temperature at least 100 DEG C. and a linear velocity of from 3 to 100 feet per 
second, and collecting the ester or polyester at the base. The ester is preferably preheated to 100 DEG to 
250 DEG C. and is neutralized before or after the stripping stage. Superheated steam, nitrogen, methane 
and propane may be the inert gases and esters specified are didecyl and dioctyl phthalate, bis - (2,2,4 - 
trimethylpentyl) azelate, 2,2,4-trimethylpentane * 1,3 - dipelargonate. glycerine triesters and the 
pelargonate of trimethylol propane and the polyesters are reaction products of a diol and dicarboxylic acid 
terminated with a monohydric alcohol or monocarboxylic acid and lists of glycols, dicarboxylic acids and 
terminating compounds are given. The invention is also particularly applicable to esters prepared from 
dicarboxylic acid and glycol monoesters with a secondary hydroxyl group in the 3-position, in the 
presence of tin catalysts and compounds of lower boiling point are stripped from the product.ALSO:Linear 
polyesters of molecular weight at least 400 and below 5000 are purified by passing a stream downwardly 
through a fractionating column with a gas-liquid contacting means, and an insert gas stream upwardly at a 
temperature at least a 100 DEG 0. and a linear velocity of from 3 to 100 feet per second, and collecting 
the polyester at the base. The ester is preferably preheated at 100 to 250 DEG 0. and Is neutralized 
before or after the stripping stage. Superheated steam, nitrogen, methane and propane may be the inert 
gases and polyesters specified are the reaction products of a diol and dicarboxylic acid terminated with a 
monohydric alcohol or a monocarboxylic acid and lists of glycols, dicarboxylic acids and terminating 
compounds are given. The invention is also particularly applicable to esters prepared from dicarboxylic 
acid and glycol monoesters with a seconday hydroxyl group in the 3-position in the presence of tin 
catalysts and compounds of lower boiling point are stripped from the product. 
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COMPLETE SPECIFICATION 

Vapour Phase Purificatton of Liquids 



We, Eastman Kodak Company, a Com- 
pany organized under the laws of the State of 
New Jersey, United States of America of 343 
State Street, Rochester, New York 14650, 
United States of America (Assignees of 
David Carlock Hull and Hugh John 
Hag^yer Jr) do hereby declare the inven- 
tion, for which we pray that a patent may be 
granted to us, and the method -by which it is 
to be performed, to be particularly described 
m and by the following statement: 

This invention relates to the purification of 
esters. 

Vinyl polymers and co-polymers and cellu- 
l^e ^ters used for plastic moulded articles, 

. etc are normallv plasticised 

with diesters derived from monohydric alco- 
hols and dic^boxyHc acids. The plastic com- 
position will contain, for example, 5 to 50 
parts of plastidser ester per 100 parts of resin. 
10 avoid loss of the plastidser by vapourisa- 
tion from tiie plastic composition the trend 
m recent years has been to use plastidsers of 
greater permanency such as monomeric di- 
ester plastidsers obtained from high mole- 
cular wdght monohydric alcohols or poly- 
meric plastidsers obtained bv reaction of a 
diol with a dicarboxylic add'and terminated 
amonohydric alcohol or a carboxylic 
aad- These esters and polyesters have mole- 
cular weights greater than 400 and have 
exceedmgly low vapour pressure at atmo- 
spheric pressure. They cannot be refined by 
ncttmal techniques such as high vacuum dis- 
tiUation or molecular distillation without con- 
siderable change in the equiL*brium composi- 
uon or decomposition of the product. The 
decomposition results in low yields, high 
odour and poor colour. With the polyesters 
crasiderable trans-esterification takes place. 
This leads to products of such high mole- 
cular weight that they arc not suitable as 
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plasdcizers. 

We have now discovered a novel purifica- 
tion meiJiod wMdi is applicable to high mole- 
cular MTdght (Hesters of monohydric alcohols 
and dicarboxylic adds and to linear polyesters 
of a molecular wdght suitable for polymeric 
plastidsers, i.e. bdow 5000. Our procedure 
is particularly applicable to compounds that 
are heat sensitive, such as linear polyesters 
produced from dicarboxylic adds and 1,3- 
diols haying a: secondary hydroxyl group, such 
diols being highly susceptible to dehydration. 

According to lie present invention there is 
provided a method <rf purifying an ester or 
linear polyester having a molecular weight of 
at least 4400 and below 5000 which comprises 
passing a stream of the impure ester or poly- 
ester downwardly through a fractionating -^60 
colunm having a gas-liquid contacting means 
and a stream of inert gas at a temperature of 
at least 100° C upwardly through the column 
at a linear vdodty of from 3 to 100 feet per 
second, the purified ester or polyester being 
collected from the base of the column. 

In general, the process of our invention by 
which we recover high molecular wdght esters 
or Lnear polyesters that are essentially odour 
free and of low colour comprises continuously 
mtroducing a stream of the crude or unpuri- 
fied liquid ester of molecular wdght in the 
range of 400 to 5000 to the upper end of a 
strippiiig colunm provided with vapour-liquid 
contacting means, continuously introducing at 
the lower end of such column in counter- 
current flow to the stream of said ester in a 
stream of an inert gas at a temperature of 100 
to 250® C and at a linear velocity greater 
than 3 feet per second. The inert gas and 
stnpped impurities are witiidrawn overload 
from the column and the purified liquid ester 
or polyester is withdrawn from the bottom. 
In preferred emboc&nent^ of the process by 
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whidi the highest quality products are ob- 
talnedj the tinpurified liquid ester or polyester 
is preheated to a temperature of 100 to 250° 
C before introduction into the upper end of 
5 the stripping colunin and is neutralised by 
caustic treatment before or after the stripping 
stage. 

The preferred inert earner gas for our pro- 
cess is superheaiEd steam. However, other 
10 inert gases" sudi as nitrogen, methane, ethane 
and propane, can be used. Although we oper- 
ate at elevated temperatures in the range of 
100 to 250° C, the effective force by which 
separation of the impurities from the ester is 
15 accomplished is the kinetic energy of the 
carrier gas, K=rnV"/2j where m is the weight 
of the gas and V is the linear velocity. 

The process of our invention is^ readily 
distinguishable from steam distillation and 
20 azeotropic distillation wherein organic liquids 
are distilled with large volumes of steam. Our 
process employs a ccmbination of the use of 
a temperature substantially above that nor- 
mally employed for steam distillation, the use 
25 of an unusually high linear velocity cf the 
inert gas and the coimtercurrent contact of 
the downflowing liquid and the upflowing 
inert gas in a column provided with vapcur- 
liquid contacting means such as packing, or 
30 bubble cap trays. 

Tn steam and azeotropic distillations the 
ratio of organic liquid to water distilled over- 
head is a function of the partial pressure of 
the organic liquid. The steam requirements 
35 for the high molecular weight esters and poly- 
esters such as are purified in accordance witli 
our invention would ordinarily be from 50 to 
100 pounds per poimd of ester or polyester 
af conventional methods were us2d. However, 
40 we have fcund that when the kinetic energy 
o£ the steam is increased by virtue of its high 
linear velocity, the ratio of organic liquid to 
steam is no longer a primary function of par- 
tial pressure and efficient separation is accom- 
45 plished at steam to organic ratios of 1:1 to 
10: 1- A farther advantage is that cur process 
employs low hold-^p time in the fractionating 
column. This eliminates or reduces such side 
reactions as pyTol3^, dehydration, hydrolysis 
50 and transestmfication. 

The esters which can be purified by this 
inventicHi indude the so-caHed moncmeiic 
plasticiser esters which are the reaction pro- 
ducts of a dicarbcxylic add or a dicarbosylic 
55 acid anhydride with a monohydric alcohol or 
the reaction products of polyhydric alcohols 
or diols with nionccarbosylic acids. Repre- 
sentatives of this class include didecyl 
phthalate, dicayl phthalate, his(232,4 - tri- 
60 methylpentyl)azdate, 2,2,4 - trimethylpentane- 
13 - dipelargonate, glycerine triesters and 
the pekrgoiiate of trimethylol propane. 

The polyesters which can be purified by 
ijhis invention coEUprise the polyester plasti- 
es dsers whidi are reaction products of a diol 



and a dicarboxylic acid, and which are ter- 
minated with a monohydric alcohol cr with a 
mcnocarbcxylic acid. The average molecular 
weight of such plasticiser polyesters will range 
from about 500 to 5000 and preferably about 70 
500 to 1500. 

Suitable glycols for preparing such poly- 
esters indude glycols of the type, 

HO— R^— OH, 

v/herein is a straight or branched alkylene 75 
radical of from 2 to 10 C atoms. Examples 
indude ethylene glycol, propylene glycol, neo- 
pentyl glycol, 2,4-dimeti[iyl-2-ethylhexane-l,3- 
diol, 232i4-trimethylpentane-13-diol, butane- 
1,4-diol, pentane-l,5-diol and hexane-l,6-dioL 80 

Suitable dicarboxylic acids include acids of 
the type, HOOC— R=— COOH, wherein R- is 
a divdent organic radical such as a straight 
cr branched alkylene or alkenylene radical of 
1 to 8 C atoms; a divalent alicydic radical; 85 
a phenylene or substimted phenylene radical, 
preferably of 6 to 9 C atoms, in which the 
carboxyl groups arc in the o-, m- or p-posi- 
tions; oxygen or a radical such as 



-R5_0— R5 or — R^— S— R=, 
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wherein R" is a lower alkylene radical, e.g. of 
from 1 tc 4 C atoms. R can also be simply 
a covalent bond, in which event the acid is 
oxalic add. 

Examples of such dicarboxylic acids include 95 
oxalic, maionic, succinic, glutaric, adipic, tri- 
methyl adipic, 232-dimethylglutaric, azdaic, 
sebacic, fumaric, maleic, itaconic, l54-cydo- 
hexanedicarboxylic, phthdic, terephthalic, iso- 
phthalic, diglycolic and thiopropionic. Corre- 100 
spending acid anhydrides can alsc be used in 
the esterification reaction and we use the 
term "acid" to include such anhydrides. 

Suitable terminating acids or alcohols 
include aliphatic monocarboxylic acids or ali- 105 
phatic monohydroxy alcohols of 2 to 10 C 
atoms, e,g. isobutyric acid, 2-ethylhexanoic 
acid, isobutanol and 2-ediylhexanoL 

Reaction products having at least a minor 
polyester content are dso obtainable by the 110 
reaction of glycol monoesters with dicarb- 
oxylic adds. A vduable ester of this type for 
which tiie process of our invention is particu- 
larly applicable is formed by the reaction of 
a dicarboxylic add of the type, 115 

HOOC— R=— COOH, 

abov^ with a glycol monoester of the formula 
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wherein R and R' are the same or different 
lower alkyl radicals such as methyl, ethyl, 
propyl, isopropyl, butyl and isobutyL Such 
^lyccl monoesters can be prepared by the 

5 llschcnko trimolccular condensation of an 
aldchvdc having a single a: -hydrogen atom, 
eg. isobutyraldehyde, in the presence of a 
metal alkoxide catalyst: Tischenko et al, 
Ch:frL Zenir. 1906, H, 1552—1556; Villani 

10 and Nord, f. Am. Chem. Soc. 69, 2605 
(1947). 

The glycol monoesters (I) and the glycol 
moieties thereof have a secondary hydroxyl 
group in the 3-position and present a special 

15 problem in esterification reaction. However^ 
can be successfully esterified with dicarb*- 
crylic acids in the presence of organic tin 
catal\'sr5 as disclosed in our application 
43J4G/62 1030213 to yield valuable plasti- 

20 ciscr esters or polyesters of the type "mono- 
ba:iic ac:d-diol (diacid-diol), monobasic acid," 
whcTv n is an integer frorn 1 to 10 such pro- 
ducts having an average molecular weight of 
abruT 500 to 1500. 

25 In the process of that inventi<Mi wherein 
the csicrificadon is effected using a dicarb- 
ox)'lic acid, such as when producing sub- 
stances of formula U, compounds of lower 
boiling peine are produced as well as of higher 

30 boiling point. Tlie lower boiling point com- 
pounds may be stripped from the other com- 
pounds by the mediod provided by this in- 
vention according to which a stream of the 
mixture of compoimds flows against a stream 

35 of hot inert gas at high linear velocity. Thus, 
in separating low boiling point compounds 
from substances of formula II sparge stream 
at an initial temperature of 100 to 125® C or 
preferably higgler, e.g. about 190^ C, and 

40 flowing in a stream at from 3 to 5 feet per 
second may :be used or 0.9 metres per second. 
Nitrogen or methane may be used as the inert 
gas. 

The purification procedure of the present 

^5 invention is beneficial in general lac polyesters 
derived from (I) and glycols corresponding to 
the glycol moiety thereof because such reaction 
products contain as imptuities certain imdesir- 
able by-produas formed as a result of the 

50 dehydration of the secondary hydroxyl group. 
Purified high molecular weight monomeric 
and polymeric ester plasticisers that are essen- 
tially odourless and of little colour are pre- 
pared by a combination of procedures indud- 

55 ing our novel gas stripping procedure. In one 
cmbcdiment the combination comprises (a) 
esterification, (b) neutraIisati<Mi^ (c) gas strip- 
ping and (d) drying and filtration. The steps 
can also follow ±e order: (a) esterification, 

60 (b) gas stripping, (c) neutralisation and. (d) 
drying and filtration. The order followed will 
depend on the choice of stripping gas and on 
the composition of the reaction mixture. The 
drying step can be eliminated if the stripping 



step fi^ows the neutralisation step and if a 65 
dry stripping gas is used. 

Esterification 

The esterification stage can empl<^ conven- 
tional procedure for producing high molecular 
weight diesters and Hquid polyesters. Suitable 70 
catalysts include mineral acids, acid halides, 
aryl sulphonic adds, metal halides and metal 
^koxides. For materials wluch are heat sensi- 
tive or susceptible to dehydraticn such as the 
1,3-diols having a secondary hydroxyl group, 75 
we employ tin catalysts such as stannous or 
stannic hydroxide, the dialkyl tin dialkoxides, 
^e dialkyl and tetralkyl tins and the dialkyl 
tin oxides. The esterification is normally 
carried out in the presence of an excess of the 80 
more volatile of the reactantg plus an azeo- 
iroping: agent to facilitate removal of water. 
The choice of azeotroping agent and the 
aniount thereof depends upon whether or not 
it is used to control the reaction temperature. 85 
Suitable azeotroping agents include diethyl 
ether, diisopropyl ether, ethylene <Mchloride, 
benzene, toluene, xylene, hexane^ and heptane. 
The esterification temperature will range from 
about 50 to 250° C, The reaction time wiD 90 
range from about 4 to 48 hours depending <m 
the product being made. 

When the esterification is completed die 
crude reaction prcdua is normally sul^ected 
to either a caustic wash a neutralisation 95 
procedure. Altemativdy, this step can follow 
the mert gas stripping operation. However, it 
IS preferred that the stripping step follow die 
neutrahsation step, because as indicated above, 
this sequence makes it possible to eliminate 100 
^bsequent drying if a dry stripping gas is 

Neutralisation 

In die caustic washing operation the crude 
ester is fed to an aUcali wash column and 105 
washed countercurrently at a temperature of 
20 to 80° C with a stream of a dilute alkali 
solution containing 5 to 15% alkali an a 
volume ratio of aqueous caustic to organic 
liquid of 1:2 to 1:1. Following the alfcah HO 
wash the organic layer is decanted and fed to 
a water wash column to remove residual alkali. 
The organic feed is then decanted and is 
ready for feed to the gas stripping stage. . 

Preferably, the crude ester, instead of being 115 
washed with dilute aqueous caustic, is neu- 
tralised by treatment witii more concentrated 
caustic in an amount only moderatdy in . 
excess of the stoichiometric amount. This 
procedinre offers important advantages over 120 
dilute caustic washing. The high mrtlprnil^r 
weight esters, particularly the pt^yesters, re- 
quire a long time to separate after caustic 
washing. Some show no tendency to separate 
even after 48 hours and solvents must be used. 125 
Often a middle phase persists even when large 
volumes of solvent are usedL This middle layer 
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is an organic water emulsion which must be 
broken hy adding more solvent or caustic to 
the mixtures or it must be set aside for sep- 
arate treatment. If the middle layer is com- 

5 bined with the organic feed to the gas 
stripper, large quantities of water will be 
present in the feed. As much as 35 weight 
% water has been, noted. This causes flooding 
of the column, loss of temperature control, 

10 and poor product quality. Even when no emul- 
sion is present the oiganic feed to the gas 
stripper is found to contain as much as 15% 
water. Tlie water carries large quantities c£ 
caustic and salts into the stripping column 

15 and these deposit on the column packing. If 
the emulsion layer is discarded the yield of 
product may be cut as much as 30%. 

The emulsion problem can be overcome by 
using more concentrated caustic solutions, e.g. 

20 up to 20%, for the caustic wash, or by dilu- 
tion of the reaction mixture with a lower 
density solvent (up to 80% solvent has been 
required), or by the use of higher tempera- 
tures for washing (70 to 90° C). All diese 

25 procedures have disadvantages. 

Preferably, therefore, the alkali and water 
washing steps are replaced by the simple neu- 
tralisation step in which the crude ester is 
treated with sufficient aqueous caustic to neu- 

30 tralise any tmreacted add. Only a small quan- 
tity of aqueous caustic is used and there is 
no separation of the organic and aqueous 
phases. The amount of caustic can vary from 
a 50% molecular excess to an 100% mole- 

35 cular excess or up to twice the stoichiometric 
amount. A typical neutralisation by this pro- 
cedure would require 1 gallon of 20% caustic 
for 6000 potmds of crude ester. To determine 
the amount of caustic required the acid num- 

40 ber (mg of KOH required to neutralise 1 g. 
of sample) and the total weight of the material 
to be neutralised are determined. The total 
weight of caustic required to neutralise the 
free acid in the product is then calculated. 

45 This amount plus a 50 to 100% excess is 
added to the crude ester as an aqueous solu- 
tion of 10 to 25% concentration- The mixture 
is agitated for 1 to 3 hours at 25 to 30° C and 
is then ready for drying and filtering or for 

50 the gas strif^nng step. 

Gas Stripping 
In a typical operation of the stripping step, 
the crude ester, with or without prior neutral- 
isation, is preheated to 100 to 250° C and is 

" fed to a point in the upper half of the strip- 
ping colimm ^siiich is provided with vapour- 
Hquid contacting means, such as inert packing 
materials, bubble cap trays, perforated mys 
or the like. The inert gas such as steam, 

60 nitrogen, methane or ethane, preferably pre- 
heated to about the same temperature as the 
ester feed, is fed to a point near the bottom 
of the stripping column and is counter- 
currently ccmtacted with the downfiowing 



organic liquid at a high linear velocity. The 65 
height of the column above the organic feed 
point depends upon the degree of fractiona- 
tion desired. With a proper selection of tem- 
perature, and of the mass and linear velocity 
of the inert gas stream, f racticnation of esters 70 
or polyesters with molecular weights from 400 
to 5CC0 can be readily achieved. The vapour 
velocity, i.e. the effective relative linear velo- 
city of the stripping gas as it contacts the 
organic liqtzid, is a critical element of our 75 
process. The vapour velocities employed in 
our stripping procedure range from 3 to 100 
feet per second and are tiius substantially 
higher than those conventionally employed in 
distillation columns. Our preferred linear velo- 80 
cities of the stripping gas are in the range of 
3 to 10 feet per second. 

In our process we use the kinetic energy 
of the carrier gas and through the use of an 
appropriate volume of inert gas, depending on 85 
its mass, and a sxutably high linear velocity, 
we are able to fractionate compounds within 
a given molecular weight range from any re- 
acrioa mixture. For multiple fractionation 2 
or more stripping columns can be operated in ^ 
series using appropriate volumes cf inert gas 
and linear velocities to achieve the desired 
overhead separation. If it is desired simply to 
remove the lower molecular weight compo- 
nents one stripping column will suffice and 95 
the finished ester product can be taken from 
the bottom of the stripper. 

Drying and Filtration 
Steam is the preferred carrier gas or strip- 
ping gas for our process. When it is used or 100 
when the neutralisation step follows the gas 
stripping step the product must be dried. The 
drying can be accomplished by subjecting the 
ester product to reduced pressm*e at a tem- 
perature above the boiling point of water or 105 
by sweeping the finished product with a dry 
inert gas. The product can then be filtered 
to obtain a high molecular weight ester pro- 
duct tibat is dry and free from any insoluble 
matter and haze. ' 110 

By the procedure described it is possible to 
obtain purified products ha\'ing very low 
colour, e.g. from 20 to 100 APHA and acid 
numbers less than 1. The initials APHA stand 
for AmCTican Public Heatdi Associaticn. The 115 
measurement of APHA colour on a Pt-Co 
scale is described on page 673 of "Technical 
Methods of Analysis" by R. C Griffin 
(McGraw-Hill, 1927). The add number is 
the number of milligrams of KOH required 120 
to neutralise tiie free adds in 1 gram of 
sample. 

WHAT WE CLAIM IS:— 

1. A method of purifying an ester, or linear 
polyester having a molecular weight of at least 125 
400 and below 50OO which comprises passing 
a stream of the impure ester or polyester 
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downwardly through at least one fractionatine 
column having a gas-hquid contacting means 
and a stream of inert gas at a temperature of 
at least 100° C upwardly through the column 
at a knear velocity of from 3 to 100 feet per 
second, the purified ester or polyester being 
collected from the base of tie column. 

2. A, method according to claim 1, said 
polyester havmg been produced by a process 
according to daim 4 or to daim 4 and any 

3. A method according to daim 1 or 2 
the inert gas being superheated steam, nitro^ 
gen or methane. 

4. A method according to any of claims 1 
to 3, the temperature being at least ISO^ C. 
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5. A method according to any of claims 1 
to 4, the velocity of the inert gas being from 
3 to 6 feet per second or 0.9 metres per 
second. 

6. A method according to any of the pre- 
ceding claims in which the mixture is neutral- 
ised or washed substantially free of any add 
and dried before or after said purifying. 

7. A method of purifying an ester or poly- 
ester substantially as herein described. 

8. A purified ester or polyester which has 
been produced by a method according to any 
of the preceding dainis. 

L. E. T. BRANCH, RSc, FJU-C, 
Patent Agent. 
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